Abstract. Two experimental trials were performed to elucidate the role of rodents in the life cycle of Hepatozoon species using snakes as intermediate hosts. In one trial, two ball pythons, Python regius Shaw, 1802 were force fed livers of laboratory mice previously inoculated with sporocysts of Hepatozoon ayorgbor Sloboda, Kamler, Bulantová, Votýpka et Modrý, 2007. Transmission was successful in these experimentally infected snakes as evidenced by the appearance of intraerythrocytic gamonts, which persisted until the end of trial, 12 months after inoculation. Developmental stages of haemogregarines were not observed in histological sections from mice. In another experimental trial, a presence of haemogregarine DNA in mice inoculated with H. ayorgbor was demonstrated by PCR in the liver, lungs and spleen.
The genus Hepatozoon Miller, 1980 (Adeleina: Hepatozoidae) is comprised of a large assemblage of apicomplexan blood parasites. The life cycle was first elucidated by Miller (1908) in the type species, Hepatozoon muris. In Hepatozoon species parasitizing snakes, initial rounds of merogony occur in the internal organs, with a subsequent appearance of gamonts in the peripheral blood. Mosquitoes are the principal vectors, serving as definitive hosts (e.g. genera Culex, Aedes and Anopheles) (Smith 1996) . Infection of the snake host via direct ingestion of the infected mosquito was previously confirmed experimentally by several authors (Ball et al. 1967 , 1969 , Landau et al. 1972 , Bashtar et al. 1984 , Nadler and Miller 1984 , Lowichik et al. 1993 , Telford et al. 2001 , 2002 .
Since the ingestion of a mosquito by a snake is unlikely due to its feeding habits, other ways of infection were studied in the past. Various species of hosts, possibly serving as a snake's prey, were found to be susceptible to oral infection with Hepatozoon-infected mosquitoes (Oda et al. 1971 , Landau et al. 1972 . In these intermediate hosts, dizoic, tetrazoic or hexazoic cysts were localised in liver tissue. Ingestion of such a host resulted in the infection of snakes (Landau et al. 1972) . Similarly, tissue cysts were described in the liver of amphibians in experiments with Hepatozoon sipedon naturally infecting the northern water snake, Nerodia sipedon (Smith et al. 1994) . The presence of Hepatozoon stages in all three hosts (mosquito-frog-snake) involved in the life cycle was later confirmed by molecular data (Smith et al. 1999) . The transmission from snake to snake by congenital infection in ovoviviparous snakes, or by predation in ophidiophagous snake species, was also documented (De Biasi 1971 , Telford 1984 , Lowichik and Yaeger 1987 .
Hepatozoon ayorgbor has been described from the naturally infected ball python, Python regius (Sloboda et al. 2007 ). In the original descriptive study, the snakes were inoculated by ingestion of infected mosquitoes. In the wild, ball pythons prey exclusively upon rodents and birds (Luiselli and Angelici 1998, Spawls et al. 2004) . Considering the assumption that ingestion of mosquitoes by a python is unlikely, the possibility of H. ayorgbor transmission through experimentally infected rodents was tested.
MATERIALS AND METHODS
Origin of the Hepatozoon ayorgbor-positive snake. A ball python naturally infected with H. ayorgbor originated from a group of snakes imported by a pet-trader from Ghana in 2005 (Sloboda et al. 2007 ). Prior to exposure to experimental mosquitoes, a parasitaemia of 1.44% (percentage of infected erythrocytes) was determined by examination of Giemsa-stained blood smears using an Olympus AX70 microscope (Sloboda et al. 2007 ). The snake was kept in a glass terrarium (28-30°C during the day, 23-26°C at night, 12hr/12hr day/night cycle) and 70% RH. The snake was fed laboratory mice twice a month.
Obtaining Hepatozoon ayorgbor oocysts. A colony of Culex quinquefasciatus Say, 1823 reared at the Department of Parasitology, Faculty of Science, Charles University, was used to perform experimental infections. The mosquitoes were maintained in a Plexiglas™ box (Olejníček 1993) . The Hepatozoon ayorgbor-infected Python regius was heated in an incubator (37°C) for 3 hours and placed overnight to a box with 3-5 day old Culex quinquefasciatus.
Then, engorged females were left in the experimental box and kept at 25°C and 70% humidity in a 12h/12h day/night cycle, with provisions of water and a 10% (w/v) sucrose solution. Dissections of mosquitoes were performed 33−35 days post infection (DPI). After being immobilized one minute in a freezer, they were dissected according to the Furman and Catts protocol (1982) . Samples of proboscis, salivary gland, gut, fat body and haemocoel were examined using an Olympus AX70 microscope. Oocysts of H. ayorgbor were gently removed from the slide with a needle and subsequently mixed with a small amount of basic saline solution (0.9% w/v Natrii chloridum, Braun).
Experiment No. 1. Three adult female mice (5Crl:CD-1(ICR)BR, AnLab Ltd. Prague, Czech Republic) were used. Two mice (Nos. 1 and 2) were inoculated with an oesophageal tube, each receiving 2 oocysts of H. ayorgbor (~10 2 sporocysts). The remaining mouse (No. 3) served as a negative control. The mice were maintained in standard plastic boxes and provided water and dry pellet food ad libitum.
The mice were euthanized by ether overdose at DPI 60 and dissected. Samples of heart, lungs, liver, gut, small and large intestine, spleen, kidney and brain were obtained during necropsy and fixed in 10% buffered formalin. Histological sections were stained with haematoxylin-eosin.
The remaining liver tissue of two experimentally infected mice (Nos. 1 and 2) was used for experimental inoculations of Python regius (P. regius Nos. 1 and 2). Snakes used in the experiment were imported as juveniles by a private breeder and were approximately three months old on arrival. The absence of haemogregarines was confirmed by weekly examination of blood smears for three months prior to their inoculation. The snakes were kept separately in glass terraria as described previously. Examination of the blood smears for haemogregarines was performed weekly during the first three months. Later examinations were performed at longer intervals, until the end of the experiment, 12 months after inoculation.
Experiment No. 2. Based on the results of the first experiment, a second series of experiments was performed in a similar fashion, using four female mice of the same origin. Three mice were inoculated (Nos. 4−6), the remaining one (No. 7) served as negative control. Euthanasia and dissections were performed at 70 DPI. The tissue samples, as described above, were divided; one set was preserved in 10% formalin and the other was collected in sterile 1.5 ml vials (Eppendorf) and frozen to -20°C for later DNA isolation. To prevent contamination, all dissecting tools were flamed before processing of individual organs. Organs that yielded positive in the PCR assay were processed for histology as described above.
DNA isolation, PCR. The phenol-chloroform method of DNA isolation described by Maslov et al. (1996) was used with slight modifications in all the samples obtained in experiment No. 2. Sediment containing DNA obtained after the procedure was dried and suspended in water, which was subsequently used for PCR diagnosis.
PCR was performed using previously published primers designed by Perkins and Keller (2001) ; a forward primer specific for haemogregarines HEMO1: 5'TAT TGG TTT TAA GAA CTA ATT TTA TGA TTG-3'; a reverse primer specific to apicomplexan parasites HEMO2: 5'CTT CTC CTT CCT TTA AGT GAT AAG GTT CAC3'. Reactions were performed in a thermocycler (T Personal, Biometra ® ) with the following program: 35 cycles of denaturation at 94°C for 1 min, annealing at 54°C for 1 min and extension at 72°C for 1 min. The amplified products (15 µl), positive control (DNA of H. ayorgbor isolated from naturally infected P. regius) and a negative control (15 µl of PCR water) were analyzed using electrophoresis on a 1.5% agarose gel stained with ethidium bromide. The bands were visualised by ultraviolet illumination and documented using Vilber Lourmat photographing equipment.
RESULTS

Experiment No. 1
All mice were in a good condition with no behavioural changes. Gross pathological lesions were not observed during the necropsy. Histological examination did not reveal endogenous developmental stages of haemogregarines in any organs of both infected mice.
Intraerythrocytic gamonts of H. ayorgbor were detected in both inoculated P. regius No. 1 and No. 2, being first observed in the peripheral blood at 67 and 73 DPI respectively. Gamonts persisted in erythrocytes of both snakes until the end of the experiment 12 months post inoculation. The highest level of parasitaemia in both snakes was the same, 0.3%, and the dynamics of infection are shown in Fig. 1 . The control snake No. 3 remained negative throughout experiment.
Experiment No. 2
As with the mice in experiment No. 1, gross changes were not observed upon the dissection. PCR of the tissue samples revealed a positive reaction in two of three experimentally infected mice Nos. 4 and 5. DNA of haemogregarines was detected in the liver and spleen tissue samples in mouse No. 4 (Fig. 2) and in the lungs of mouse No. 5 (Fig. 3) . PCR examination of tissues from mouse No. 6 was negative, similarly to mouse No. 7 which served as a negative control. Despite the positive PCR, examination of histological samples of liver and spleen of mouse No. 4 and lungs of mouse No. 5 did not reveal any developmental stages of haemogregarines. 
DISCUSSION
Despite the numerous studies on Hepatozoon spp. infecting snakes, the life cycle was elucidated only in a few of them. Direct experimental infection of snakes by feeding them infected mosquitoes was reported in several studies (e.g. Bashtar et al. 1984 , Nadler and Miller 1984 , Lowichik et al. 1993 , and a similar method of experimental transmission was also employed in the original study describing Hepatozoon ayorgbor (Sloboda et al. 2007) .
The ingestion of a mosquito by a snake is unlikely; thus, other possible ways of infection were studied. The infection of snakes by ingestion of reptile or amphibian first intermediate hosts has been described (Landau et al. 1972 , Lowichik and Yaeger 1987 , Smith et al. 1994 , Paperna and Lainson 2004 . The natural diet of Python regius consists of mammals and birds, primarily of ground-dwelling rodents (Luiselli and Angelici 1998, Spawls et al. 2004 ). The ingestion of mosquitoes by such intermediate hosts is more likely than the hypothetical direct ingestion by a snake.
In the present study, we clearly demonstrated the transmission of Hepatozoon to a snake host by ingestion of tissues of infected rodents, which suggests the possibility of three-host mosquito-rodent-snake life cycle of H. ayorgbor. Despite the fact, that we did not find haemogregarines in the histological sections of infected mice, the PCR assay confirmed the presence of haemogregarine DNA in mice at 70 DPI. Presence of parasite DNA was proven in samples from parenchymatous organs (spleen, liver, lungs), which corresponds to previously published data (Landau et al. 1972) . Considering the fact, that mammals are the principal prey for a wide variety of snakes, it is probable that they play a key role in life cycles of several Hepatozoon spp.
